Camel brucellosis has been diagnosed in all camel-rearing countries except Australia. In many countries the infection is on the rise in Old World camels (OWCs) due to the uncontrolled trade of live animals.
No. 27102014-00049-EN 5/46 camels than in free-grazing desert camels. In Sudan, prevalence varies according to the system of camel husbandry: agropastoralists reported a higher prevalence of brucellosis (31.5%) than nomads (21.4%) (39, 40, 105) . A seroprevalence of dromedary brucellosis of 40% has been reported from Sudan (46), and the United Arab Emirates (UAE) has experienced a drastic increase of brucellosis in camel populations due to the uncontrolled import of dromedaries from East African countries. Also, introduction of camels into cattle, sheep and goat areas in the Darfur region of Sudan led to high incidence levels, as shown by Musa and Shigidi (49) . In another study in Sudan, conducted by the same authors, in 3,413 dromedaries that were intermingled with cattle and small ruminants, the herd infection rate was 45.5%, with prevalence rates of between 1.4% and 90%.
Moustafa et al. (96) reported on a serological survey in dromedaries and a brucellosis eradication campaign in the eastern regions of the UAE during a five-year period. The highest prevalence was in 1991, with a reactor rate of 5.8%, whereas the lowest was in 1996, with a rate of 0.01%. Since no camels had been culled due to brucellosis, it is believed that the reduction in camel brucellosis was caused by the reduction in brucellosis in sheep and goats.
Epidemiology
The disease has a worldwide distribution and affects cattle, pigs, sheep, goats, camelids, dogs and, occasionally, horses. Brucella infections have also been documented worldwide in a great variety of wildlife species and, more recently, in marine mammals. A spillover of infection from domestic animals to bisons, elks or African buffalos may also be possible (106) .
The infection occurs via the mucous membranes, including oralnasopharyngeal, conjunctival and genital mucosa, and also through cutaneous abrasions. Animals become infected through feed, water, colostrum, contaminated milk and, especially, by licking or sniffing at placentas and aborted fetuses. The spread of brucellosis during sexual activity plays a subordinate role. The primary shedding routes of Brucella organisms remain uterine fluids (lochia) and placenta expelled from infected animals. In cattle it is known that abortion is associated with the shedding of 10 12 to 10 13 Brucella bacteria. Survival of the organisms in the environment is enhanced by cool temperatures and humidity; however, it was proven that two dromedaries in a Brucella-negative dromedary herd were infected with B. melitensis through contaminated dust particles from aborted camel fetuses 500 m apart, indicating that organisms can also survive in a hot desert environment. Many placental mammals, including herbivores, participate in placentophagy, with camelids as a noted exception, which may contribute to the spread of Brucella bacteria through wind.
In bovines, shedding of up to 10 3 B. abortus bacteria/ml through milk following abortion may last for a period of up to three months, which is considered an important fact from an epidemiological point of view.
The situation in camelids is unknown. Excretion of the pathogen through milk is intermittent (98) . However, in chronically infected (serologically positive) dromedaries from the UAE which gave birth to healthy offspring, no Brucella organisms were isolated from expelled placentas, and no shedding occurred through milk. Also, the blood of dromedary calves was negative in culture and polymerase chain reaction (PCR) (9) . Interestingly, camel calves of serologically positive dams were all serologically negative, using RBT and cELISA techniques, at the age of six months. The calves therefore do not appear to be at risk for an acute brucellosis infection even after the disappearance of maternal antibodies. However, for confirmation of these findings, further investigations need to be performed (9 Three llamas died at London zoo after they came into contact with camels which were newly imported from Moscow (7) . The authors claimed that the high serological titre (type of test not given) for
B. melitensis was indicative of an acute infection.

Clinical signs
Brucellosis is characterised by abortion and to a lesser extent by orchitis and infection of the accessory sex glands in males. According to various researchers, the clinical signs of brucellosis in breeding camelids are the same as those in bovines and small ruminants, although infection in breeding camelids causes fewer abortions than it does in bovines and small ruminants (8, 15, 21, 114, 124 Camelidae. This may be a result of the difference in the placental attachment (7) . Camelids possess a placenta diffusa like the horse and not a cotyledonary placenta.
Non-pregnant dromedaries (n = 6) artificially infected subcutaneously in the right lower hind of the neck with two strains of B. abortus (four with S19, two with field bovine strain, × 10 6 bacteria,) developed only mild clinical signs. Reduced appetite, slight lameness and bilateral lacrimation were observed. On necropsy the pathogen was re-isolated 45 to 65 days later from the cranial and genital lymph nodes. No clinical signs were observed in the four camels inoculated with S19, whereas slight non-specific signs were found in the dromedaries infected with the bovine B. abortus field strain. On necropsy no gross lesions were detected, but histological results revealed focal granulomas in the liver and a generalised lymphadenitis (supramammary lymph node). The pathogen was reisolated from the lymph nodes of the genital tract and head (125) .
Pathology
Little is known about the pathological changes caused by Brucella organisms in camelids. These bacteria have a predilection for the pregnant uterus, udder, testicles, accessory male sex glands, lymph nodes, joint capsules and bursae. Lesions may be found in these tissues. Nada and Ahmed (126) Culture Brucellosis is usually diagnosed in the laboratory by the culture of blood, milk or tissue or the detection of antibodies in sera. Brucella organisms can be recovered from the placenta, but, more conveniently, in pure culture from the stomach and lungs of aborted fetuses.
For isolation, the recommended medium is Farrell's medium, which contains six antibiotics. But other selective Brucella media are also in use for the growth of this pathogen from fresh camel milk and camel tissue samples (15) . During intensive investigations using selective media it was found that on a camel farm in Saudi Arabia 34% of all
Brucella seropositive milking dromedaries were Brucella shedders.
The high number suggests that it is preferable to use selective media. 
Polymerase chain reaction
The isolation of Brucella organisms is still the preferred method of diagnosis. This method also allows typing of the isolated strains. shown reliable results in the amplification of pure target DNA in bacterial dilutions, but the assay was less sensitive when tissue samples were tested. The reasons for this may be explained by the extraction method used, the intracellular presence of the pathogen and the distribution pattern of Brucella organisms.
Serology
The majority of studies on camelid brucellosis use serological methods for diagnosis (Table II) The animals were immediately slaughtered. No Brucella organisms were isolated; however, Yersinia enterocolitica serotype 0:9 was identified. It is known that false-positive (unspecific) reactions with various other bacterial species can occur (79, 134) .
Many authors regard the CFT as being the most sensitive and specific test for brucellosis because CFT antibodies remain in the serum for longer than SAT antibodies (64, 75, 118, 135 ). Shumilov (77) determined that the CFT was four times more sensitive than the SAT. as well as prozone reactions. However, for optimal sensitivity, the RBT has to be used with serum-antigen at a 3:1 dilution. When using the CFT, the 1:10 diluted sera have to be inactivated at 54ºC for 30 min and the cold fixation technique has to be applied. Using the TAT, the classical neutral pH antigen has to be replaced by a buffered (pH 3.5) antigen to achieve optimal results. As mentioned earlier, none of these tests have been validated for use in camel brucellosis and the results are therefore difficult to compare. Table IV. The tests mentioned in Table IV 
Skin test
Brucellosis skin tests have been tried by some researchers, particularly on Bactrian camels in the former USSR, using different allergens.
(148). The skin test is highly specific but its sensitivity is low, making it a good herd test. The antigen does not sensitise the animal's immune system and therefore will not induce interference in the diagnosis of the disease.
Control and treatment
Brucella has been eradicated in many regions of the world, but in others it is widespread and an economically important disease. Many cases of human brucellosis are found in regions where the disease has not been eliminated in livestock. Different strategic options can be adopted to first decrease the prevalence of brucellosis to an acceptable level (brucellosis control) and secondly to remove the foci of infection (brucellosis eradication). The choice of control strategy depends on a number of considerations, such as infection prevalence in different animal species, human clinical incidence and the capacity of Veterinary Services. However, a pre-requisite for any control programme is the implementation of an efficient animal disease surveillance network. Eradication in small ruminants has never been achieved (149) and may be also very difficult to achieve in OWCs due to the complexity and expense of treating animals across widespread areas. In cattle and small ruminants, when prevalence is low (between 3% and 5%), vaccination comes first followed by slaughter (8 
Antibiotics
Brucella organisms are Gram-negative coccobacilli which are sensitive to many broad-spectrum antibiotics, but the use of antibiotics is forbidden in many countries because of the uncertainty related to the infective status of the treated animals and because of the spread of antibiotic resistance. Treatment is unlikely to be cost-efficient or therapeutically effective because of the intracellular sequestration of the organisms, mainly in the lymph nodes. However, cure rates between 65% and 100% have been reported in infected goats by daily intraperitoneal injection of 500 mg and 1,000 mg tetracyclines (111). (Table V) .
These results also clearly demonstrate the sensitivities of four different tests in chronically infected dromedaries.
Vaccination
Because of the serious medical and economic consequences of brucellosis, serious efforts have been undertaken to prevent the infection through the use of vaccines. In OWCs, both inactivated and attenuated Brucella vaccines have been used successfully.
Dromedaries were vaccinated with B. abortus strain S19 (150) Serum agglutination test returns negative results by the time the bovines are of breeding age, except in 6% of cases (152) . It is obvious that post-vaccination titres increase with the increasing age and therefore cattle vaccination is recommended only in young stock.
Vaccination of bulls with S19 is of no value because it often resulted in the development of orchitis and the presence of strain S19 in the semen (106) . Very little is known about the optimal vaccination age in 
